Introduction cavity after a brief adaptation. The second experiment investigates the influence zinc 84 sulfate has when mixed with exemplars of the five basic tastes (bitter, salty, savory, sour, 85 sweet). 86
Materials and Methods

89
Stimuli 90
Zinc chloride (ZnCl 2 ), zinc bromide (ZnBr 2 ), zinc iodide (ZnI 2 ), zinc acetate 91 (Zn(C 2 H 3 O 2 ) 2 ), zinc sulfate (ZnSO 4 ), magnesium sulfate (MgSO 4 ), sodium chloride 92 (NaCl), monosodium glutamate (MSG), tannic acid, sucrose, ammonium chloride 93 (NH 4 Cl), urea, and glucose were purchased from Sigma (St. Louis). Quinine-HCl 94 (QHCl) was purchased from Fluka Chemika (Buchs, Switzerland). Carbonated water 95 (Seltzer) was purchased from a local store. Aqueous solutions were freshly prepared 96 every 2-3 days, using deionized (di) Millipore™ filtered water, prior to the initialization 97 others 1993; Green and others 1996) except the top of the scale was labeled as "strongest 112 imaginable' sensation of any kind (Bartoshuk 2000) . The gLMS is a psychophysical tool 113 that requires subjects to rate the perceived intensity along a vertical axis lined with 114 adjectives: barely detectable=1, weak=5, moderate=16, strong=33, very strong=51, 115 strongest imaginable=96; the adjectives are spaced semi-logarithmically, based upon 116 experimentally determined intervals to yield ratio quality data. The scale only shows 117
adjectives not numbers to the subjects, but the experimenter receives numerical data from 118 the computer program. Subjects were trained to identify each of the five taste qualities 119 and the oral sensation of astringency and tingle/sting by presenting them with 10ml of 120 prototypical stimuli: salty, 150mM NaCl; bitter, 0.05mM QHCl; sweet, 300mM sucrose; 121 sour, 3mM citric acid; savory, 100mM MSG; astringency 0.5mM tannic acid; and 122 tingle/sting from carbonated water. To help subjects understand a stimulus could elicit 123 multiple taste qualities, 300mM urea (bitter and slightly sour) and 50mM NH 4 Cl (salty, 124 bitter, and slightly sour) were employed as training stimuli. 125 follows. Subjects rated the loudness of six tones (generated by a Maico Hearing 135
Instruments tone generator, presented via headphones at 4000 Hz for 2 sec at levels 0, 20, 136 35, 50, 65, and 80 dB) and the heaviness of six visually identical weights (opaque, sand-137 filled jars at levels 225, 380, 558, 713, 870, and 999 g). All ratings were made on a 138 computerized gLMS. Subjects were asked to rate the intensity of loudness or heaviness 139 respectively, and all judgments were made within the context of the full range of 140 sensations experienced in life. All stimuli were presented twice in blocks of ascending 141 order. Subjects first rated the intensity of weights, then tones. 142
There was a significant correlation loudness and heaviness (r 2 =0.62, p<0.01). 143
Since these variables should be unrelated, the correlation indicated that the LMS ratings 144 were subject to individual scale-use bias and required standardization across subjects. 145
To determine a standardization factor, each subject's average intensity for 146 loudness was divided by the grand mean for loudness across decibel levels and subjects. 147
This procedure for determining correction factors was repeated with heaviness ratings 148 (averaging across weight levels). The two correction factors were averaged (weights and 149 tones), and each individual's intensity ratings were multiplied by his or her personal 150 standardization factor for scale-use bias. 151
152
Data normalization 153
The intensity ratings for the salts tended to follow a log-normal distribution. 154
Taking the log of the ratings approximated a normal distribution. Before taking the log, 155
all zero values were converted to 0.24, the lowest possible value above zero that can be
Statistical analysis 159
Numerical results are expressed as geometric means ± standard error. Statistical 160 variation was determined by one or two-way analysis of variance (ANOVA) using 161 Statistica 6.0 software package. Post-hoc analysis was performed using Tukey HSD. P 162 values <0.05 were considered statistically significant. The aim of this experiment was to establish the oro-sensory profile of five zinc 167 salts at multiple concentrations (5mM, 25mM, 50mM). Metallic taste was not a 168 descriptor in this research, primarily due a lack of: 1/ an established scientific validity as 169 to whether 'metallic' is a taste quality, and 2/ a defined prototypical stimuli that could be 170 used during subject training. 171
172
Stimuli 173
The salts used in this experiment were: ZnCl 2 , Zn(C 2 H 3 O 2 ) 2 , ZnBr 2 , ZnI 2 , ZnSO 4 . 174
Three concentrations were used: 5mM (327ppm Zn), 25mM (1635ppm Zn), and 50mM 175 (3270ppm Zn). Deionized water (di) was included as a blank as well as a diluent for the 176
salts. 177
Methodology 179
During any session, subjects (n=14, 28±4 years old, 8 female) rated either the five 180 taste qualities (sweet, sour, salty, bitter, savory) or two somatosensations (astringency, 181 tingle/sting) and bitterness. Bitterness was included with the somatosensations to 182 minimize any "halo-dumping" effects that may occur, particularly between astringency 183 and bitterness (Lawless and Clark 1992; Frank and others 1993; Clark and Lawless 184 1994). Subjects were placed into one of two counter-balanced groups, with one group of 185 subjects rating taste qualities first, while the second group began rating somatosensations 186 and bitterness. There was a maximum of 12 solutions per session and each subject 187 participated in 12 sessions. In any one session, subjects tasted solutions of the same 188 molarity to avoid potential carryover effects of tasting a 50mM solution followed by the 189 same solution at 5mM. For example, 50mM ZnSO 4 was tasted in the same session with 190 other 50mM solutions. As a measure of reliability of ratings, each subject tasted and 191 rated all salts at all concentration on three separate occasions. The testing protocol was 192 as follows: subjects wearing nose-clips to avoid olfactory input, were given numerically 193 labeled trays containing solutions (10ml presented in 30ml plastic medicine cups) of the 194 zinc salts in random order. A di water control was also included in each session. 195
Subjects rinsed with di water at least four times prior to testing and at least 4 times during 196 the interstimulus interval of 180 sec. In addition, subjects were given water crackers 197
(Best Yet) between samples to help reduce any lingering oral astringency from the salts. Subjects (n=17, 30±4 years old, 10 female), wearing noseclips, were given a 210 series of three solutions (10ml in 30ml medicine cups): solution one was a 50mM zinc 211 solution, two and three were di water. Subjects were naïve to the contents of the cups. 212
The rating procedure, scale, and counterbalanced order were the same as above. Subjects 213 were required to place the first solution (50mM zinc salt) in their mouth, hold the solution 214 in their mouth for 5 sec, then rate the intensities of the qualities (either tastes or 215 10sec, subjects repeated this procedure with the second solution (di water). There was a 217 second interstimulus interval of 10sec and the procedure was repeated with the third 218 solution (di water). Subjects were unaware that solutions two and three were di water. 219
Subjects did not rinse with water or eat crackers during the experiment. Each session 220 took approximately 1 min to complete and to avoid any potential carry-over effects, 221 subjects had to wait at least an hour between sessions and complete no more than 3 222 sessions per day. Intensity ratings for each salt at each concentration were made in 223 triplicate. Tingle/sting is a quality elicited by carbonated water. During pre-testing for this 285 research, tingle/sting was determined to be an attribute associated with the zinc salts. 286
Tukey HSD revealed the chloride and acetate anions significantly reduced the tingle/sting 287 attribute ( Figure 1E) . Alternatively, the iodide, sulfate, and bromide anions enhance 288 tingle/sting. The physiological mechanisms for tingle/sting are unknown as are the 289 reasons why certain anions would have differential effects on it. 290
Astringency was the major oral sensation associated with the salts (Figure 1F) . 291
The probable causes of the astringency of zinc solutions are: 1/ the ability of zinc to bind 292 salivary proteins, which in turn causes a decrease in oral lubrication, and/or 2/ cross-293 linking epithelial bound proteins causing a puckering sensation. taste qualities saltiness and sweetness were not reported as being elicited during the waterrinses. Tukey HSD showed the second water rinse significantly decreased the taste 306 intensity compared to the 50mM brief adaptation and first water rinse. Overall the taste 307 of the salts, which was negligible, was easily washed away. 308
Tingle/sting was not an attribute associated with the water rinses suggesting it is 309 only perceived when the zinc solutions are in the mouth. 310
Astringency was the most dominant oral sensation associated with zinc salts 311 ( Figure 1F ). Unlike the tastes, which were washed away with the water rinses, the 312 astringency of the zinc salts was not significantly reduced after two water rinses (Figure  313 2). There was no effect of anion on the ability of water to rinse away the perceived 314 astringency. Zinc may be binding to epithelial proteins causing the astringent sensation 315 and the binding affinity of zinc to certain epithelial proteins was strong enough to persist 316 during the water rinses. 317
318
Discussion of Experiment 1A&B 319
At the concentrations used in this study, the addition of zinc to food and oral care 320 products should not unduly add to the taste profile (bitter, salty, savory, sour, sweet). 321
However, the addition of zinc adds astringency that lingers once the product is removed 322 from the mouth, and rinsing with water does not diminish the effect. The astringency of 323 zinc and its lingering effects could be a potential problem for manufacturers wanting to 324 incorporate zinc salts into either food or oral care products. However, the choice of anion 325 associated with zinc affects the intensity of the astringent sensation (for example the 326 sulfate anion reduces astringency in comparison to the iodide anion). 
How does a reduction in taste influence flavor? 398
Model-aqueous-binary-mixtures of taste eliciting compounds can be predictive of 399 taste interactions in complex food matrices (Keast and Breslin 2003) . In a food, the 400 addition of zinc has the potential to reduce the appetitive taste 'sweet'. The inhibition of 401 sweetness is a direct result of adding zinc, but also there will be indirect effects of 402 sweetness loss that need to be considered. An appetitive taste such as sweetness can be 403 used to mask tastes that are aversive (the phenomenon of mixture suppression). If the 404 sweetness of a product is inhibited by the addition of zinc, aversive tastes will be 405 enhanced as they are released from the mixture suppression (as shown by Breslin and 406
Beauchamp (1997)). In essence, the appeal of the food suffers twice as the appetitive 407 taste is diminished and the aversive tastes are thereby enhanced. 408
As well as the effect on other tastes, flavor, which incorporates taste, aroma, and 409 somatosensations, will be affected. The inhibition of sweetness will have a major 410 influence on how the overall flavor is perceived. What follows is a hypothetical example 411 outlining how flavor and liking of a product may be affected by the inhibition of a taste. 412
The sweetness of a strawberry is linked to the strawberry's aroma and vice versa 413 (Schifferstein and Verlegh 1996) . Both sweetness and strawberry aroma are congruent 414 and enhance pleasantness beyond additivity. In addition, the strawberry odor has been 415 shown to enhance sweetness (Schifferstein and Verlegh 1996) . If zinc was added to a 416 ripe strawberry flavor, the reduction in sweetness of the strawberry will release sourness 417 from mixture suppression. The strawberry will be perceived as less sweet and more sour. 418
The increased sourness in combination with the strawberry odor is a partially incongruent 
Figure 2
The effect of two water rinses on astringency of zinc salts. The x-532 axis lists the trial, either the adaptation of the zinc salt or the two water rinses, the y-axis 533 lists the salts used in the experiment, and the Z-axis represents the astringency intensity 534 rating on the general Labeled Magnitude Scale (gLMS). The secondary z-axis has the 535 adjective 'weak' that corresponds to the descriptor on the gLMS. Bars represent 536 geometric mean of the intensity of astringency. Abbreviations for salts are the same as in 537 
